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MOUNTING BOARD AND ELECTRONIC DEVICE USING THE SAME 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a mounting board on which an electronic 
component can be flip-chip moimted using bump electrodes, and to an electronic 
device using the moimting board. 

2. Description of the Related Art 

[0002] In known electronic devices, an electronic component, such as a 
semiconductor element, is flip-chip mounted on a circuit board using bump electrodes. 
Such electronic devices are formed by mounting the electronic component having 
bumps face-down on connection electrodes formed on the circuit board, filling a gap 
between the circuit board and the electronic component with sealing resin, and heat- 
hardening the sealing resin in an oven. The sealing resin between the circuit board 
and the electronic component contributes to mitigation of thermal stress appUed to the 
bumps due to the difference in thermal expansion coefficient between the electronic 
component and the circuit board, 

[0003] In such electronic devices, for example when solder bumps are used as the 
bump electrodes, an insulation film is formed over wiring electrodes to prevent the 
solder firom spreading (wetting) more than necessary. The insulation fihn is also 
usefiil, for example, for covering an appropriate portion of metal plating, such as Au, 
or in order to prevent the wiring electrodes fi-om being stripped off fi-om the circuit 
board. 

[0004] Figs. 8 and 9 show the structure of an electronic device of the related art. 
[0005] An insulation film 3 1 is formed on substantially the entirety of a surface of 
a circuit board 30. The insulation film 31 has opening portions or uncoated portions 
31a in a one-to-one relation with wiring electrodes 32. Each of the opening portions 
31a is slightly wider than the corresponding wiring electrode 32 in order to improve 
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the positional accuracy. Small recesses 31b each having a depth equal to the thickness 
of the insulation film 31 are formed at both sides of each wiring electrode 32. The 
insulation fihn 31 is typically formed by printing solder resist, and the thickness of the 
insulation film 31 is about 30 ^m to 50 ^im. 

[0006] An electronic component 33 is flip-chip mounted on the mounting board 30 
by connecting bump electrodes 34 with portions of the wiring electrodes 32 exposed at 
the opening portions 31a. When sealing resin 35 is filled in a gap between the circuit 
board 30 and the electronic component 33, the sealing resin 35 flows through the gap 
and over the insulation film 3 1 by capillary action. However, the recesses 3 lb have a 
small volume, thus causing air bubbles 36 to be trapped. The trapped air bubbles 36 
cause voids to be generated in the hardened sealing resin 35, thus reducing its 
reliability. 

[0007] As proposed in Japanese Unexamined Patent Application Publication No. 
8-153752, one method to overcome such a problem is to insert the sealing resin and 
then defoam or de-air the sealing resin by applying a vacuum or by applying ultrasonic 
vibration. 

[0008] However, such a de-airing process is not always effective to remove the 
trapped air, and voids may still be caused. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, the present invention provides a mounting board in which 
recesses formed between an insulation fihn and wiring electrodes are reliably filled 
with sealing resin. 

[0010] The present invention also provides an electronic device using this 
moimting board and having a void-firee structure. 

[001 1] In an aspect of the present invention, a mounting board includes a base 
substrate having a first principal siuface; a wiring electrode formed on the first 
principal surface of the base substrate; and an insulation fihn which partially covers 
the first principal surface of the base substrate and the wiring electrode. The 
insulation film has a coated portion where the base substrate and the wiring electrode 
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are coated with the insulation film, and an opening portion where the base substrate 
and the wiring electrode are not coated with the insulation film. An electronic 
component may have a bimip electrode formed so as to correspond to the wiring 
electrode in the opening portion, via which the electronic component may be mounted 
on the mounting board. The opening portion may straddle the wiring electrode and 
thereby form a recess on each side of the wiring electrode; or the opening portion may 
surround an end of the wiring electrode and thereby form a U-shaped recess at the end 
of the wiring electrode, for example. A gap between the first principal surface of the 
base substrate and the electronic component is filled with sealing resin. In this 
mounting board, L/T > 2 is satisfied, where L denotes the minimum width of a portion 
of the base substrate exposed at the opening portion and T denotes the thickness of the 
insulation film. 

[0012] The ratio of the minimum width L of the portion of the base substrate 
exposed at the opening portion in the insulation film to the thickness T of the 
insulation fihn is greater than or equal to a predetermined value, thus ensuring that 
each recess formed between the opening portion and the wiring electrode is filled with 
the resin and ensuring a void-fi"ee structure. 

[0013] More specifically, by satisfying L/T > 2, the width L of a recess formed in 
the opening portion is relatively increased so that the resin can easily flow therein to 
realize a void-free structure. Therefore, a high-reliability sealed construction can be 
realized. In addition, a simple sealing operation without any special de-airing 
operation is carried out, thus reducing the production cost. 
[0014] The viscosity of the resin is one of the important factors for successfiil 
filling with the resin. The viscosity of the resin depends upon the temperature; 
however, a preferable viscosity range is firom 0.02 Pa»s to 10 Pa*s, and more 
preferably fi-om 0.4 Pa«s to 7.3 Pa*s. 

[0015] In another aspect of the present invention, a mounting board includes a 
base substrate having a first principal surface; a wiring electrode formed on the first 
principal surface of the base substrate; and an insulation fihn which partially covers 
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the first principal surface of the base substrate and the wiring electrode. The 
insulation film has a coated portion where the base substrate and the wiring electrode 
are coated with the insulation film, and an uncoated portion where the base substrate 
and the wiring electrode are not coated with the insulation fibn. An electronic 
component may have a bump electrode formed so as to correspond to the wiring 
electrode in the opening portion, via which the electronic component may be mounted 
on the mounting board. A gap between the first principal surface of the base substrate 
and the electronic component is filled with sealing resin. In the mounting board, the 
coated portion of the insulation film includes a first coated portion and a second 
coated portion which extend substantially in parallel to each other with a 
predetermined spacing therebetween and which are substantially orthogonal to the 
wiring electrode, and the uncoated portion between the first and second coated 
portions is open and extends substantially orthogonally to the wiring electrode. 
[0016] In this case, the insulation film is formed on appropriate portions of the 
wiring electrode rather than on the entirety of the wiring electrode, and there is no 
small recess, in which air can be entrapped, between a side surface of the wiring 
electrode and an inner sidewall of each coated portion. Therefore, the resin easily 
flows therein to realize a void-fi-ee structure. 

[0017] Since the uncoated portion between the first and second coated portions is 
open orthogonally to the wiring electrode, there occurs no air entrapment when filled 
with the resin. Therefore, a high-reliabiUty void-fi-ee sealed construction can be 
realized. 

[0018] In still another aspect of the present invention, a moimting board includes a 
base substrate having a first principal surface; at least one wiring electrode formed on 
the first principal surface of the base substrate; and an insulation fihn which partially 
covers the first principal surface of the base substrate and the wiring electrode. The 
insulation film has a coated portion where the base substrate and the wiring electrode 
are coated with the insulation fihn, and an opening portion where the base substrate 
and the wiring electrode are not coated with the insulation film. An electronic 
component may have a bump electrode formed so as to correspond to the wiring 
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electrode in the opening portion, via which the electronic component may be mounted 
on the mounting board. A gap between the first principal surface of the base substrate 
and the electronic component is filled with sealing resin. In the mounting board, the 
wiring electrode is formed of a plurality of electrodes extending in parallel to each 
other, and the opening portion is substantially orthogonal to the wiring electrodes and 
extends over a plurality of the wiring electrodes. 

[0019] That is, the opening portion is continuously formed between adjacent 
wiring electrodes to form a continuous channel, into which the resin easily flows. A 
void-fi-ee structure can therefore be realized. 

[0020] In still another aspect of the present invention, an electronic device 
includes the above-described mounting board; the electronic component mounted on 
the mounting board by connecting the bump electrode with a portion of the wiring 
electrode exposed at the opening portion or the uncoated portion of the mounting 
board; and the sealing resin filled and hardened in a gap between the first principal 
surface of the base substrate and the electronic component, 

[0021] An electronic device using the above-described mounting board realizes a 
void-fi-ee sealed structure having high reliability, while requiring no special defoaming 
or de-airing operation. 

[0022] Other features and advantages of the present invention will become 
apparent from the following description of embodiments of the invention which refers 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig. 1 is an exploded perspective view of an electronic device according to 
a first embodiment of the present invention; 

[0024] Fig. 2 is a cross-sectional view of the electronic device shown in Fig. 1 ; 
[0025] Figs. 3 A and 3B are tables of experimental results of the occurrence of 
voids with changes of the length LI of a recess and the thickness T of an insulation 
fihn, in which Fig. 3 A shows the experimental result for resin viscosity of 0.4 Pa-s and 
Fig. 3B shows the experimental result for resin viscosity of 7.3 Pa s; 
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[0026] Fig. 4 is a plan view of a modification of the electronic device according to 
the first embodiment, showing another positional relationship between the wiring 
electrodes and the opening portions; 

[0027] Fig. 5 is an exploded perspective view of an electronic device according to 
a second embodiment of the present invention; 

[0028] Fig. 6 is a cross-sectional view of an electronic device according to a third 
embodiment of the present invention; 

[0029] Fig. 7 is a perspective view of a mounting board of the electronic device 
shown in Fig. 6; 

[0030] Fig. 8 is an exploded perspective view of an electronic device of the related 
art; and 

[0031] Fig. 9 is a cross-sectional view of the electronic device shown in Fig. 8. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0032] Figs. 1 and 2 show an electronic device according to a first embodiment of 

the present invention. 

[0033] In this electronic device, an electronic component 10 is packaged by face- 
down mounting on a mounting board 1 . 

[0034] The mounting board 1 is formed of a ceramic board such as an alumina 
board, a dielectric board made of ceramics, a multilayer ceramic board, a glass board, 
a crystalline board, or an airtight board made of glass epoxy resin. A pluraUty of (in 
this example, six) wiring electrodes 2 extending in parallel to each other are formed on 
a surface of the mounting board 1 . In the first embodiment, one set of three wiring 
electrodes 2 faces another set, the electrodes of each set being spaced a predetermined 
distance apart firom each other. An insulation film 3, such as solder resist, having 
substantially a uniform thickness is fiirther formed on approximately the entire surface 
of the mounting board 1 using a technique such as a screen printing process so as to 
overlie the wiring electrodes 2. The insulation fihn 3 has a predetermined nxmiber of 
(in this example, six) opening portions 3a. Portions 2a of the wiring electrodes 2 are 
exposed at the opening portions 3a. 
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[0035] As shown in Fig. 1 , the opening portions 3a of the insulation film 3 are 
substantially orthogonal to the longitudinal direction of the wiring electrodes 2, and 
each opening portion 3a has recesses 3b at both sides of the corresponding wiring 
electrode 2. In this figure, the longitudinal length of each recess 3b (the distance 
between a side surface of each wiring electrode 2 and an inner sidewall of the 
corresponding opening portion 3a) is indicated by LI ; the lateral distance between the 
opposing inner sidewalls of each opening portion 3a is indicated by L2, and the 
thickness of the insulation fihn 3 is indicated by T. In this embodiment of the 
invention, the following relationships are satisfied: 

Ll/T>2 

L2/T > 2 

[0036] In other words, the ratio of the minimum width L of a portion of the 
mounting board 1 exposed at each opening portion 3a to the thickness of the insulation 
film 3 is greater than or equal to 2. 

[0037] The electronic component 10 is formed of a semiconductor device such as 
an IC, a ceramic device, or the like, and has a plurality of (in this example, six) bump 
electrodes 1 1 fixedly formed on one principal surface thereof The bump electrodes 
1 1 may be formed of metal bumps mainly made of Au, Ag, Pd, or Cu, or solder 
bumps. In this embodiment, the bump electrodes 1 1 are formed of solder bumps. The 
bump electrodes 1 1 are bonded with the portions 2a of the wiring electrodes 2 exposed 
at the opening portions 3a by applying a combination of ultrasonic waves and 
pressure, a combination of heat and pressure, or a combination of ultrasonic waves, 
heat, and pressure to the exposed portions 2a. After the electronic component 10 is 
packaged by face-down mounting on the mounting board 1, sealing resin 20, such as 
epoxy resin, is injected by a dispenser into a gap between the mounting board 1 and 
the electronic component 10, and is then hardened. Examples of the sealing resin 20 
include thermosetting resin and UV hardening resin. Preferably, the viscosity of the 
resin 20 is 0.02 to 10 Pa s in order to ensure that the recesses 3b are filled with the 
resin 20. 
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[00381 Figs. 3 A and 3B show experimental results of the occurrence of voids with 
changes of the length LI of the recess 3b and the thickness T of the insulation fibn 3. 
[0039] Fig. 3 A shows the experimental result when the viscosity of the sealing 
resin 20 is 0.4 Pa s, and Fig. 3B shows the experimental result when the viscosity of 
the sealing resin 20 is 7.3 Pa-s. 

[0040] As seen from the tables shown in Figs. 3 A and 3B, voids were observed 
when the ratio of the length LI of the recess 3b to the thickness T of the insulation 
fihn 3, i.e., Ll/T, was lower than 2, whereas no void was observed when the Ll/T 
ratio was greater than or equal to 2. Thus, when the Ll/T ratio was greater than or 
equal to 2, the recesses 3b were successfully filled with the sealing resin 20 without air 
entrapped, regardless of the viscosity of the resin 20. Consequently, a high-reliability 
void- free electronic device was realized. 

[0041] In this experiment, the width L2 of each opening portion 3a was 100 ^im. 
When the L2/T ratio was greater than or equal to 2, similar results to those shown in 
Figs. 3A and 3B were obtained. 

[0042] Fig. 4 shows a modified form of this embodiment, having a different 
positional relationship between each opening portion 3a in the insulation film 3 and 
the corresponding wiring electrode 2. 

[0043] In the example shown in Fig. 1, each opening portion 3a in the insulation 
film 3 is substantially orthogonal to the longitudinal direction of the corresponding 
wiring electrode 2. In the example shown in Fig. 4, in contrast, each opening portion 
3a is formed around one end of a wiring electrode 2 forming a U-shaped recess 3b. 
When L/T > 2 is satisfied, where L denotes the minimum width of a portion of the 
mounting board 1 exposed at the opening portion 3a, that is, the distance between a 
side surface of the wiring electrode 2 and an inner sidewall of the opening portion 3a, 
and T denotes the thickness of the insulation film 3, the recess 3b can be successfully 
filled with the sealing resin 20 to realize a void-free structure. 

[0044] Fig. 5 shows an electronic device according to a second embodiment of the 
present invention. The same reference numerals are given to the same portions as 
those in the first embodiment, and a dupUcate description thereof is omitted. Here, in 
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this mounting board, L3/T3 > 2 is satisfied, where T3 denotes the minimum thickness 
of first and second coated portions 4 and 5 and L3 denotes a clearance of an uncoated 
portion 6. 

[0045] In the second embodiment, the insulation fihn 3 described in the first 
embodiment is replaced with an insulation film formed of the first and second coated 
portions 4 and 5 which extend in parallel to each other with a predetermined spacing 
therebetween and which are substantially orthogonal to the wiring electrodes 2. The 
uncoated portion 6 between the first and second coated portions 4 and 5 is open 
substantially orthogonally to the corresponding wiring electrode 2. 
[0046] Unlike the first embodiment, this embodiment does not have a pair of 
recesses formed on the two sides of each wiring electrode 2. The uncoated portion 6 
between the first and second coated portions 4 and 5 allows a gap between the 
mounting board 1 and the electronic component 10 to be filled with the sealing resin 
20 without any air being entrapped. A void-fi:ee sealed construction can therefore be 
realized. 

[0047] Figs. 6 and 7 show an electronic device according to a third embodiment of 
the present invention. The same reference numerals are given to the same portions as 
those in the first embodiment, and a duplicate description thereof is omitted. Here, in 
this mounting board, L4/T4 > 2 is satisfied, where T4 denotes the minimum thickness 
of a coated portion 8 and L4 denotes a clearance of an fi-ame-shaped imcoated 
portion 9. 

[0048] In the third embodiment, the insulation fihn 3 described in the first 
embodiment is replaced with an insulation fihn formed of a first coated portion 7 
which is coated upon an inside portion of the mounting board 1 including the inner 
ends of the wiring electrodes 2, and the second coated portion 8 which is coated upon 
the outer peripheral portion of the mounting board 1 including the outer ends of the 
wiring electrodes 2. The fi-ame-shaped uncoated portion (opening portion) 9 is formed 
between the furst and second coated portions 7 and 8. In other words, the uncoated 
portion 9 is substantially orthogonal to the wiring electrodes 2, and extends over the 
wiring electrodes 2. 
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[0049] As in the second embodiment, this embodiment does not have a recess 
formed at each side of each wiring electrode 2. The opening portion 9 forms a 
continuous channel substantially orthogonal to the wiring electrodes 2, and the sealing 
resin 20 filled in a gap between the mounting board 1 and the electronic component 10 
easily flows in the opening portion 9. The opening portion 9 can be successfully filled 
with the sealing resin 20, thus realizing a void-free sealed construction. 
[0050] The present invention is not Umited to the above-described embodiments. 
[0051] The opening portion 9 is formed in the shape of a frame in the third 
embodiment; however, this is merely an example. The opening portion 9 may be 
formed as two continuous opening portions, one being transverse to the first set of the 
wiring electrodes 2, and the other continuous opening portion being transverse to the 
remaining wiring electrodes 2. 

[0052] In the above-described embodiments, the bump electrodes 1 1 formed on 
the electronic component element 10 are bonded with the wiring electrodes 2 on the 
mounting board 1 . The present invention is not limited thereto The bump electrodes 
1 1 may be formed instead on the wiring electrodes 2, and the bump electrodes 1 1 may 
be bonded with electrodes on the electronic component element 10. 
[0053] The electronic component 10 of the present invention is not limited to a 
semiconductor device, and may be a piezoelectric component including a SAW 
(surface acoustic wave) device. 

[0054] Also, the locations of the uncoated portions (opening portion) where a 
mounting board and wiring electrodes are not coated with an insulation fihn, are not 
limited to the locations shown herein. The uncoated portions may be formed midway 
along the wiring electrodes, or may be formed around the trailing ends of connection 
electrodes, for example. 

[0055] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. Therefore, the present invention is not 
limited by the specific disclosure herein. 
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